This paper studies whether the Mortensen and Pissarides (MP) search and matching model can explain the observed labor market fluctuations in Japan. Although the MP model correctly predicts the observed regularities in the cyclical fluctuations of unemployment and job vacancies, it cannot generate the observed unemployment and vacancy fluctuations in response to productivity shock of reasonable size. I incorporate separation shocks and training costs into the MP model, finding that their inclusions do not significantly improve the ability of the model to explain the cyclical volatility of unemployment and vacancies observed in the Japanese labor market. This paper also provides the business-cycle properties of the Japanese labor market.
Introduction
The Mortensen and Pissarides search and matching model (henceforth MP model) has become a standard framework for analyzing aggregate labor markets. However, the MP model has recently criticized for its inability to explain key business cycle properties of the U.S. labor market (Costain and Reiter, 2008; Hall, 2005; Shimer, 2005) . Shimer (2005) demonstrates that the MP model cannot generate the observed unemployment and vacancy ‡uctuations in response to productivity shocks of reasonable size. In the literature, many solutions have been proposed to solve this problem. 1 However, there have been only a few studies to examine whether this failure of the MP model can be observed in other countries as well (Burgess and Turon, 2005; Zhang, 2008) . Especially, there has been no study on the Japanese labor market case.
This paper studies how well the MP model can explain the observed business cycle ‡uctuations in the Japanese labor market. Although the model correctly predicts the observed regularities in the cyclical ‡uctuations in labor market variables qualitatively, the model cannot explain key cyclical properties of the Japanese labor market quantitatively. The calibrated model explains less than 1/4 of the observed ‡uctuations in the vacancy-unemployment ratio. 2 The business-cycle properties of the Japanese labor market are presented. Over the business cycle, both unemployment and job vacancies are volatile and persistent, and these two variables are negatively correlated. While unemployment is counter-cyclical, job vacancies are pro-cyclical. To understand the detail of the unemployment dynamics, I examine the cyclical properties of job …nding and separation rates.
I measure the job …nding rate and the separation rate by using monthly data from the Labour Force Survey.
In the Labour Force Survey, the half of the sample is surveyed over two consecutive months. By matching workers across the two months, I can measure month-over-month transitions by individual workers between employed, unemployed, and non-in-labor-force. Both job …ning and separation rates display considerable variations over the business cycle. The job …nding rate is pro-cyclical and the separation rate is countercyclical. Qualitatively, all these observations are correctly predicted by the MP model. However, as in the US, the calibrated model cannot generate the observed unemployment and vacancy ‡uctuations in response to productivity shock of reasonable size.
The data also shows that both job …nding and separation rates are important in accounting for cyclical unemployment variability in Japan. This result is similar to what Fujita and Ramey (2009) and Pissarides (2008) …nd in the US. However, the relative importance of job separation di¤ers between two countries.
While the job …nding rate is a relatively important determinant of the unemployment ‡uctuation in the US, 1 Some examples are wage rigidity (Hall, 2005; Shimer, 2005) , di¤erent calibration strategies (Hagedorn and Manovskii, 2008 ), on-the-job search (Krause and Lubik, 2007; Nagypál, 2007; Tasci, 2006) and informational rents (Kennan, 2009 ). 2 Shimer (2005) demonstrates that the MP model explains less than 10% of the volatility in US unemployment and vacancies when ‡uctuations are driven by productivity shocks.
1 the separation rate is relatively important in Japan. Speci…cally, in Japan, the separation rate accounts for 55 percent of the observed ‡uctuation in unemployment, while the job …nding rate accounts for 40 percent of those ‡uctuations. To capture this fact, I incorporate separation shocks into the model. However, the incorporation of separation shocks does not signi…cantly improve the ability of the MP model to generate the observed ‡uctuations in labor market variables.
A number of studies show that …rm-speci…c training costs a¤ects labor market dynamics in Japan.
Genda et al. (2001) argue that a …rm-speci…c training cost plays an important role to explain the low gross job ‡ows in Japan. Miyamoto and Shirai (2006) demonstrate that by incorporating …rm-speci…c skill training, the MP model can explain the often mentioned peculiarity of the Japanese labor market; low rates of unemployment, job creation, and job destruction. 
Japanese labor market facts
In this section, I present some of the salient features of the Japanese aggregate labor market over the business-cycle. I focus on labor productivity and four labor market variables: unemployment, vacancies, the job-…nding rate, and the separation rate.
The …rst variable of interest is unemployment, which is measured as the number of workers who are looking for a job and ready to work immediately if a job is available, yet not working. I obtain the data from the Labour Force Survey (LFS) conducted by the Statistics Bureau and the Director-General for Policy Planning. 3 My focus is cyclical ‡uctuations in unemployment and hence low-frequency movements in the data are …ltered out by using a Hodrick-Prescott (HP) …lter with smoothing parameter of 10 5 , as in Shimer (2005) . In Figure 1 , I present the quarterly time series of unemployment and its trend. Until the early 1990's unemployment had been low but it climbed gradually and exhibited strong ‡uctuations. The di¤erence between log unemployment and its trend has a standard deviation of 0.144. Thus, unemployment is often as much as 29 percent above or below its trend. The cyclical component of unemployment also exhibits a large persistence with quarterly autocorrelation of 0.96. The ‡ip side of unemployment is job vacancies. Vacancies are de…ned as the di¤erence between the number of job openings (yuko-kyujin-suu) and the number of job placements (shushoku-ken-suu), and calculated using data from Employment Security Service Statistics (Shokugyo Antei Gyomu Tokei ). Figure   2 shows the vacancies and its trend. Similar to unemployment, job vacancies exhibit remarkable variation.
The cyclical component of job vacancies has a standard deviation of 0.142, and it also exhibits a large persistence with quarterly autocorrelation of 0.912.
In Figure 3 , I present the cyclical components of unemployment and job vacancies simultaneously.
The correlation between these two series during the sample period is -0.591. Since unemployment is countercyclical, while job vacancies are procyclical, the vacancy-unemployment ratio is strongly procyclical.
The standard deviation of the cyclical component of the vacancy-unemployment ratio is 0.289.
I measure job …nding and separation rates by using monthly data from the LFS over the period 4 In the LFS, the half of the sample is surveyed over two consecutive months. By matching workers across the two months, I can measure month-over-month transitions by individual workers between employed, unemployed, and non-in-labor-force. It is well known that the ‡ow data from LFS contains various forms of bias. Due to these biases, the ‡ow data is not consistent with the stock data. Therefore, I correct this error by using the adjustment method of Ministry of Labour (1985). 5 Let eu and ue denote the gross ‡ows from employment to unemployment and from unemployment to employment, respectively, and let e and u indicate the measured stocks of employed and unemployed workers, respectively. Then, the average monthly job …nding rate f and separation rate s are determined by f t = ue t u t 1 and s t = eu t e t 1 :
I time-aggregate the underlying monthly data to get quarterly averages, removing substantial lowfrequency ‡uctuations that likely re ‡ect measurement error in the LFS. I then detrend the quarterly data using an HP …lter with smoothing parameter 10 5 . Figure 4 shows the quarterly average of the monthly job-…nding rate and its trend. The average of the job-…nding rate during the sample period is 13.1 percent. The di¤erence between the log of the job-…nding rate and its trend has a standard deviation of 0.113. Thus, the job-…nding rate displayed considerable variations. The correlation between the cyclical components of the vacancy-unemployment ratio and that of the job-…nding rate is 0.641. This high correlation is consistent with a fairly stable matching function, as assumed by the standard search and matching model. Figure 6 compares the cyclical components of u f and u s with the cyclical component ofũ t . Figure 6 shows that both the job …nding rate and the separation rate tend to move with the unemployment rate.
In particular, the job …nding rate accounts for 40 percent of the observed ‡uctuations in unemployment, while the separation rate accounts for 55 percent of those ‡uctuations. 6 The last variable examined is labor productivity that is measured as real output per employed workers. The output measure is based on the National Income and Product Accounts, while employment is constructed by Statistics Bureau and Statistics Center. Thus, the trend component of labor productivity decreased by more than 50% during the 1990s. Figure 8 plots the cyclical components of the vacancy-unemployment ratio and labor productivity.
The correlation between these two series is 0:81. The important message from this …gure is that the vacancy-unemployment ratio ‡uctuates much more that labor productivity. The overall ‡uctuations in the vacancy-unemployment ratio are over ten times larger than those of labor productivity during the sample period. Table 1 summarizes the key statistical moments describing the Japanese labor market. Unemployment and job vacancies are about 6 times more volatile than labor productivity. The vacancy-unemployment ratio is more than 10 times more volatile. Moreover, the vacancy-unemployment ratio is strongly procyclical. The job …nding rate is about 5 times more volatile than labor productivity and is pro-cyclical.
The separation rate is about 6 times more volatile than productivity and is counter-cyclical. It is also strongly autocorrelated.
6 I obtain these numbers by regressing u f or u s onũ. Since this is not an exact decomposition, these two numbers add Consider an economy consisting of a continuum of workers normalized to one and a large number of identical risk-neutral …rms. Time is continuous. All agents are in…nitely lived and maximize the present discounted value of their income with discount rate r: A …rm has only one job that can be either …lled or vacant. One job is …lled by one worker. 8 A …rm can produce output p if its job is …lled. If it is vacant, the …rm produces no output and searches for a worker.
A worker can be either employed or unemployed. If a worker is employed, he produces output and earns an endogenous wage but cannot search for other jobs. If he is not employed, he gets ‡ow utility z from non-market activity and searches for a job. When a …rm with a vacant job and an unemployed worker meet and start producing, it is said that job creation takes place. On the other hand, job separation takes place when a …lled job separates and stops producing. When job separation takes place, the …rm can either reopen a job as a new vacancy or withdraw from the labor market, while the worker becomes unemployed.
In order to hire a worker, a …rm posts a vacancy at ‡ow cost . Free entry drives the expected present
value of an open vacancy to zero. When a …rm with a vacancy meets an unemployed worker and an employment contract is signed, the …rm pays a training cost C. This training cost is incurred only once at the time of job creation. A job remains "new"until a shock with arrival rate hits the match and changes its status to a continuing job.
The wages are determined through the Nash bargaining between a …rm and a worker over the share of expected future joint income, where the worker has bargaining power 2 (0; 1). It is assumed that at the initial wage determination stage, the training cost is considered as a loss in joint income. 9 Because of this, there is a di¤erence between the initial wage bargain and subsequent renegotiation. Thus, new and continuing jobs have di¤erent wages w n and w, respectively. Let the value of a vacant job be V , the value of a new job be J n , and the value of a continuing job be J. Then, they are characterized by the following Bellman equation:
and
I now turn to the side of a worker. When an unemployed worker …nds a job, he/she …rst belongs to a new job. Thus, the value of an unemployed worker U satis…es
where W n is the value of an employed worker in a new job.
The value of an employed worker in a new job W n and the value of an employed worker in a continuing job W are given by
In equilibrium, all pro…t opportunities from new jobs are exploited, so that the following free entry condition holds:
The starting wage and the continuation wage is determined by the following equations
The solutions to these optimization problem, w n and w, must satisfy the following …rst-order conditions,
respectively.
By using all the value functions (1)- (6), the free entry condition (7), and wage sharing rules (8) and (9), I obtain the following equilibrium wages:
Substituting (11) into (3) and using (7), I obtain the value of a continuing job,
Similarly, substituting (10) into (2) and using (7) and (12), I obtain the value of a new job,
Making use of (1), (7), and (13), I obtain the equilibrium job creation condition
A steady-state equilibrium in this economy is a triplet of labor market tightness and wage rates ( ; w n ; w ) that solves equations (10), (11), and (14) for the steady-state productivity level p .
The evolution of unemployment over time is given by
In the steady-state, the unemployment rate is determined by
Steady-state elasticties
The central question in this paper is whether the search and matching model can explain the observed cyclical amplitude of unemployment and vacancy ‡uctuations in Japan. To explore this issue, I compute elasticities of labor market variables with respect to labor productivity p.
From the job creation condition, I obtain the elasticity of the vacancy-unemployment ratio with respect to labor productivity,
where ( ) [f ( )] 0 =f ( ) is the elasticity of the matching function with respect to vacancies.
From (15), I obtain the elasticity of the unemployment rate with respect to labor productivity
Finally, the elasticity of vacancies with respect to labor productivity is
4 Quantitative analysis
Basic calibration
In this section, I calibrate a simpli…ed version of the previous model, where the training costs are set to be zero, to match Japanese labor market facts. The purpose is, in the same setup as Shimer (2005) , to gauge to what extent the standard search and matching model explains the observed volatilities in unemployment and vacancies in Japan. The following 8 parameters have to be determined: the discount rate r, the level of labor productivity p, the value of leisure z, the worker's bargaining power , two matching function parameters m 0 and , the separation rate s, and the vacancy cost .
I choose the model period to be one-month and set the discount rate r = 0:003 because the average annual interest rate during the sample is 3.6%. The labor productivity parameter p is normalized to be one.
I assume that the matching function is Cobb-Douglas,
where m 0 is the matching constant and is the matching elasticity with respect to vacancies. Then, the job …nding rate is f ( ) = m 0 and the vacancy …lling rate is q( ) = m 0 1 . The elasticity of the matching function is estimated by using the method of Mortensen and Nagypál (2007) The vacancy-unemployment ratio, the job-…nding rate, and the separation rate are those constructed in Section 2. I target a mean value of the vacancy-unemployment ratio of = 0:676. In order to pin down the scale parameter m 0 , I combine the monthly job-…nding rate f = 0:131 with the vacancy-unemployment ratio. I set the monthly exogenous separation rate at s = 0:004.
I now determine the value of non-market activity z. In calibration of search and matching models, the choice of the parameter value z is controversial. 10 Martin (1998) computes the average replacement rates, the ratio of unemployment bene…ts to average wages, in the OECD countries. Martin (1998) reports that the replacement rate in Japan is about 0.6, so I set z = 0:6. Finally, following Shimer (2005) , the vacancy cost is obtained from the steady-state solutions of the model. The parameter values are summarized in Table 2 . Table 3 reports the elasticities of relevant labor market variables with respect to labor productivity. The vacancy-unemployment ratio, the job …nding rate, and vacancies are procyclical, while the unemployment rate is counter-cyclical. Thus, the prediction of the model is consistent with basic Japanese labor market facts.
Results
Column (1) of Table 3 In any case, as Table 3 reports, the elasticities are far from those observed in the Japanese labor market, both conditional and unconditional. In the literature, the elasticity of the vacancy-unemployment ratio with respect to labor productivity is used to evaluate the performance of the model over the business cycle. In the unconditional data moment, the target value for this elasticity is 12.6. In the model, the elasticity is 2.74, which explains 22% of observed volatility of the vacancy-unemployment ratio. Even using the conditional criterion, the model can explain only 27% of it. Thus, we conclude that the standard MP model fails to explain key business cycle properties of the Japanese labor market. When training costs C = 0, by taking logs and di¤erentiating of (14), I obtain
I can also obtain the elasticities of the unemployment and the elasticity of vacancies rate with respect to labor productivity
Column (2) of Table 3 reports elasticities of labor market variables with respect to labor productivity when exogenous separation shocks are added. The elasticity of the vacancy-unemployment ratio with respect to labor productivity slightly rises to 3.12. However, the model with separation shocks predicts a counter-cyclicality of vacancies. This can be understood by looking at the job creation condition (14) . A lower separation rate raises the vacancy-unemployment ratio, since it encourages …rms to post vacancies by increasing the value of job creation. The rise in rotates the job creation line anti-clockwise. On the other hand, a lower separation rate shifts the Beveridge curve toward the origin. Equilibrium moves from point E to point E 0 as seen in Figure 9 . while unemployment decreases unambiguously, the e¤ect on vacancies is ambiguous. With a Cobb-Douglas matching function, the shift of the Beveridge curve may be large enough to make both unemployment and vacancies decrease, explaining why the model with separation shocks predict counter-cyclical vacancies.
The role of training costs
In this section, I study the role of training costs in the ampli…cation mechanism of the matching model. Furthermore, a number of studies pointed out that Japanese …rms train their employees to equip with …rm-speci…c skills intensively. 12 Therefore, incorporating training costs seems to be a natural way to analyzes the Japanese labor market.
Since there is no empirical counterpart of training costs, I use the same targets and parameter values as in previous section, and calibrate the model without training costs, C = 0. Then, I study whether the extended MP model with training costs can explain the observed ‡uctuations in unemployment and vacancies by changing the value of C. When I change C, I adjust the cost of posting a vacancy in order to maintain the same steady-state value for the labor market tightness. Following Silva and Toledo (2009b) , is set to be 1=3. Thus, it takes an average duration of one quarter before new hired jobs are converted to continuing jobs. Table 4 reports the elasticity of the vacancy-unemployment ratio with respect to labor productivity for di¤erent values of C. One can see that the change in elasticity is very small when training costs changes.
Without separation shocks, the elasticity of the vacancy-unemployment ratio increases by 5 percent when training costs C increase from 0 to 3. With separation shocks, the elasticity increases by 9 percent. The incorporation of training costs does not signi…cantly improve the ability of the MP model to explain the observed unemployment and vacancy ‡uctuations in Japan. 
Conclusions
This paper studies whether the Mortensen-Pissarides search and matching can explain the business cycle ‡uctuations observed in the Japanese labor market. Qualitatively, the model succeeds to predict the observed cyclical pattern in labor market variables. However, the model cannot explain the observed ‡uctuations in unemployment and job vacancies in response to productivity shocks of plausible magnitude.
The calibrated model explains less than 1/4 of the observed ‡uctuations in the vacancy-unemployment ratio.
Since the data shows that job separation is an important determinant of the ‡uctuations in unemployment, I incorporate the variation in the separation rate and study the ampli…cation mechanism of it. The 
